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(54) MOHOKPI4CTAJUll4HECKI4fi SiC M CnoCOB ETO nOJiyHEHU* 

(57) 



M3o6peTeHne MoweT GbiTb ncnorib30BaHo b 
nonynpoBOAHMKOBOtf TexHonornn Ann 
nojiyneHMfl MOHOKpMCTannnMecKoro SiC, 
KOTopbifl MOKeT 6biTb ncno/ib30BaH b KanecTBe 
n/iacTMHbi-noAno>KKM ppn CBeTOAHOAa, 
peHTreHOBCKoro onTuqecKoro npn6opa 
Bbicx>KOTeMnepaTypHoro aneKTpOHHoro 
anewieHTa, cn/iOBoro npn6opa n t.a. Asa 
KOMnneKca M, a KaxnoM M3 KOTopbix 
nonnKpucTannumecKafl ruieHKa 2p-SiC (mjim a - 
SiC) BbipaLAMBaeTCfl Ha noBepxHocTH 

MOHOKpi1CTan/lMHeCKO« a-SiC nOAflO>KKM 1 
TepMOXMMMMeCKUM OCa>KAQHHeM, H nOBepXHOCTb 

2a nonnKpMCTanjiMMecKort nneHKM 2 nonnpywDT 
TaK, MTo6bi maAKocTb MMena wepoxoBaTocTb 
noBepxHocTM co cpeAHeKBaApanmecKUM 
OTKnoHeHneM 200 o uriM MeHee 

A 

npeAnoMTMTe/ibHo co cpe ah e KBa^pa t n m ecKn m 
OTKnoHeHneM ot 100 ao 50 <» _ noABepraioT 

TepMoo6pa6oTKe b coctohhhh, npn kotopom 



KOMnneKCbi anoTHo cKpenrteHbi APyr c APyroM 
OTUjnuc^oBaHHbiMM noBepxHOCTAMw 2 a' npn 
BbicoKofl TeMnepaType 2000 °C unH Bbiiue n b 
arwioccfcepe AaB/ieHMfl Hacbiu^eHHbix napoB SiC, 
nocpeACTBOM nero nonnKpucTa/iriMMecKne 
nneHKH 2 KOMnneKCOB M 

nepeKpMCTa/lJlH30BbJBaK)TCfl c poctom 

MOHOKpucTa/ina, KOTopbifl MHTerpMpyeTCfl c 

MOHOKpMCTa/lJlUHeCKHMH a-SiC n O ATIO)KKa M M 1. 

MoHOKpucTan/i SiC 6o/ibiuero pa3Mepa, b 

KOTOPOM OTCyTCTByiOT npHMSCH, 

MUKpOTpy&DMHbie Ae$eKTbl H T.n. H KOTOpblfl 

HMeeT BbicoKoe KanecTBo, Moxer 6biTb no/iyneH 

C BblCOKOM npOAyKTMBHOCTbJO. 2 C. H 8 3.n. 

4>-nbi, 4 mi. 
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(54) MONOCRYSTALLINE SIC AND METHOD OF PREPARATION THEREOF 



(57) Abstract: 

FIELD: semiconductor engineering 
SUBSTANCE: invention relates to 
monocrystalline SiC that can be used as 
luminodiode-supporting plate, x- ray optical 
device, high -temperature electronic element, 
power device, etc. Two complexes M, in each 
of which polycrystalline film 2 beta-SiC (or 
alpha-SiC) is grown on the surface of 
monocrystalline alpha-SiC of substrate 1 by 
thermochemical precipitation, and surface 2a 
of polycrystalline film 2 is polished such 
that evenness had roughness of surface with 
mean square deviation 200 <> or less, 

advantageously 100 to 50 o t are subjected to 

heat treatment under condition when 
complexes are firmly attached to each other 
through polished surfaces 2a' at temperature 



at least 2000 C in saturated SiC vapors' 
atmosphere. As a result, polycrystalline 
films 2 of complexes M recrystallize with 
growth of monocrystal, which integrates with 
monocrystalline alpha-SiC of substrate 1. 
Larger-size optionally high-quality 

monocrystal SiC devoid of impurities, 
microtubular defects, etc. can thereby by 
prepared with high productivity. EFFECT: 
improved quality of monocrystalline SiC. 9 
cl, 4 dwg 
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flaHHoe M3o6peTeHne othocmtch k 
MOHOKpucTannnMecKOMy SiC h cnoco6y era 
nonyMeHMfl m, b oco6eHHocTM, k 
MOHOKpucTannnHecKOMy SiC, KOTopbitf 
McnonbsyeTCfl b KanecTBe nonynpoBOAHMKoaofl 
nnacTMHbhnoAno>KKM atia CBeTOAMOAa, 
peHTreHOBCKoro on™necKoro npn6opa, Tararo 
KaK MOHoxpoMaTHHecKUM Knaccuc^nKaTop, 
BbicoKOTeMnepaTypHoro nonynpoBOAHMKOBoro 
aneiapoHHoro aneMem-a, m cnnoBoro npn6opa, a 
TaioKe k cnoco6y nonyneHMH MOHOKpMCTanna 
SiC. 

SiC (KapGnfl KpeMHus) oonaAaeT 
npeBocxoAHbiMn xapaKrepMcrnKaMM 

TepMOCTOClKOCTM M MeXaHHMeCKOfl npOMHOCTM, a 

TaioKe MMeeT BbicoxyK) ycTOMHMBOCTb k 
paAnaunM. TatoKe, nen<o KOHTponnpoBaTb 
BaneHTHyio aoHy aneicrpoHOB m awpok npvi 
noMou^n AonnpoBaHHfl npwwecefl. Kpowie Toro, 
SiC MiweeT tunpoKyto 3anpemeHHyK> 
GHepreTMMecKyK) 30Hy (Hanprnwep, 

MOHOKpucTanriMMecKM^ 6H-SiC MMeeT ujupuHy 
3anpeiAeHHo« SHepreTHHecKofl soHbi 3,0 aB m 
MOHOKpucTannvmecKM^ 4H-SiC MMeeT LUMpMHy 
3anpeiAeHHO« sHepreTMHecKOM" 30Hbi 3,26 aB). 
TaKMM o6pa30M, mohcho AOOMTbCfl oonbLLiofi 

eMKOCTM, BblCOKOfl MaCTOTbl, BblCOKOfi npOHHOCTM 
AM 3 JIG KT p M Ka M BblCOKOfi yCTOMHMBOCTM K 

OKpywaioinefl cpeAe, KOTopwe He MoryT 6biTb 

AOCTMTHyTbl B Cyil^eCTByiOLi^MX 

nonynpoBOAHMKOBbix MaTepManax, TaKMX KaK Si 
(KpeMHM«) m GaAs (apceHMA ranriMfl). C 3to« 

TOHKM SpeHMfl MOHOKpMCTaXl/lMMeCKM^ SiC 

Bbi3biBaeT 6onbUJofl MHTepec m 
paccMaTpMBaeTCfl KaK n on y n poboah m ko b bi m 
MaTepnan Ana CM/ioBbix npMOOpoB hoboto 
noKoneHMfl. 

B KaMecTBe cnoco6a pocTa (nonyneHMfl) 
MOHOKpMCTannMHecKoro SiC 3Toro TMna 
McnonbsyioTCH cnoco6 AMMCOHa m cnoco6 
cy6jiMMauMM m nepeKpMCTannn3auMM, KOTopbie 
o6iAenpM3HaHbi, KaK npoMbiiurieHHbiM cnoco6 
nonyqeHMfl SiC a6pa3MBHbix MaTepManoB. B 
cnoco6e AnncoHa 3aTpaBOHHan 
KpMCTa/iJiMMecKafl noAno>KKa HarpeBaeTCH no 
BHeujHetf nepMcfjepMM npM Mcno/ib30BaHMM 
BbicoKonacTOTHoro 3/ieKTpoAa TaK, HTo6bi 
reHepMpoBaTb MHoroHMcneHHbie LjeHTpbi 
Kp m CTann m 3a l^m m b L^em-panbHofi nacTM 
saTpaBOHHoft Kp m CTann mm ecKo noAnowKM, 
nocpeACTBOM Hero cnMpanbHbiPl poor 
KpM CTann ob pa3BMBaeTca 6onbuieM HacTbto b 
UeHTpanbHo^ Mac™ 3aTpaBOHHofl 

KpMCTannMHecKort noAnowKM. B cnocooe 
cy^nMMai^MM w nepeKpMCTannM3aL\MM, nopowoK 
SiC, nonyneHHbifi no cnoco6y AMMCOHa, 
Mcnonb3yeTC^ b KanecTBe mcxoahofo 
MaTepMana, m KpMCTann BbipaiAMBaeTCfl Ha 
MOHOKpucTannnnecKnx ueHTpax 
Kpn CTann M3a l^mm . 

B cnoco6e AnMcoHa BbiLueonncaHHbix 
TpaAMUMOHHbix cnocoooB nonyneHMA, oAHaKO, 
m ohokp m CTann pacTeT MeA/ieHHO, b reneHMe 
AnMTenbHoro nepMOAa BpeMenn, TaK, hto 
CKopocTb pocTa KpMCTanna MeHbiue, neM 
npuMepHo 1 MM/nac. TaioKe 6onbLiioe HMcno 
KpucTannMHecKMX LjeHTpoB KpucTannMsai^MM 
reHepMpyeTcn b HananbHOM craAMM pocTa, v\ ohm 
pacnpocTpaHflfOTCfl ao BepxHefl nacTM 
KpMcranna, no Mepe pa3BMTM* pocTa KpMCTanna. 
TaKMM o6pa30M, TpyAHo nonynMTb OTAenbHo 
MOHOKpMCTann 6onbiuoro pa3Mepa. 

B cnocooe cy 6n m Ma i^m m m 

nepeKpMCTannM3ai4MM BbJCOKOCKopocTHofi pocT, 
npMMepHO 1 MM/nac, Bbi6MpaeTca b ochobhom c 
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3 KOHOM MHeCKOM TOHKM 3peHMfl (ce6eCTOMMOCTM 
npOM3BOACTBa), TaK HT06bl npMMecM M 
MMKDOOTBepCTMW, KOTOpbie HMGKJT AUaMeTp B 
HeCKOnbKO MMKpOH M KOTOpbie npoXOA^T CKB03b 

KpMCTann b HanpaBneHMM pocTa, 
npeAnoHTMTenbHo, cocTaBnanM, npMMepHO, ot" 
100 ao 1000 Ha 1 cm 2 b pacTymeM KpMCTanne. 

TaKMe MMKpOOTBepCTMH Ha3blBatOTCfl 
MMKpOTpyOOHHbIMM AeCf)eKTaMM M Bbl3blBaK)T TOK 

y Ten km npM npoM3BOACTBe nonynpoBOAHMKOBoro 
npM6opa. TaKMM o6pa30M, npo6neMa coctomt b 
tom, mto He Mo>KeT 6biTb nonyneH MOHOKpMcrann 

SiC, MMeKDLAMM AOCT3TOHHO BblCOKOe KanecTBO. 

B cnocooe AMMCOHa m cnocoCe cy6nMMaL\MM m 
nepeKpMCTannM3ai4MM, KpoMe 3Toro, oneHb 

Tfl>KenO C TeXHMHeCKOM TOHKM 3peHMfl 
riOAflepKMBaTb HMCTOTy aTMOC0epbl B6nM3M 

pacTymero KpMCTanna, TaKMM oOpasoM 
B03HMKaeT npooneMa, cocTOfliAafl b tom, hto 
KanecTBO TaK>Ke yxyALuaeTcw M3-3a 3arpyi3HeHMfl 
M3BHe OKpy>KeHMH MOHOKpMCTanna. 3tm 
npo6neMbi npenflTCTByiOT npaKTMnecKOMy 
Mcnonb30BaHMio MOHOKpMCTannMHecKoro SiC, 
KOTopbifi MMeeT npeBOcxoAHbie xapaicrepMCTMKM 
no cpaBHeHMJO c APyrMMM cyiAecTByioiAMMM 
nonynpoBOAHMKOBbiMM MaTepManaMM, TaKMMM 
KaK Si m GaAs, KaK onMcaHO Bbiiue. 

XepreHrpoct)ep b naTeHTe CUJA 3228756 
paccMaTpMBaeT APyrort cnoco6 BbipaiAMBaHMfl 
nyTeM cy6nMMai^MM, b kotopom Mcnonb3yeTc« 
3aTpaBOHHbi^ KpMCTann Kap6MAa KpeMHMfl, Ha 

KOTOpOM MO>KeT KO H Ae H CM pO B3 T bCfl APyroPl 

KapGMA KpeMHMfl, o6ecneMMBa« pocT KpMCTanna. 
XepreHrpoct)ep npeAnaraeT, A/m Toro hto6w 
Ao6MTbcn Hy>KHoro pocTa, HarpesaTb 
3aTpaBOHHbifl KpMCTann ao noAXOAflmefi 
TeMnepaTypw, o6biHHO npeBbiujaKDu^e^ 1000°C, 

TaKMM 06pa3OM, HT06bl CBeCTM K MMHMMyMy 

nepMOA BpeMeHM, b TeneHMe KOToporo 
3aTpa BOHHbi^ KpMCTann MMeeT TeMnepaTypy ot 
1800°C AO 2000°C. 

03apoB b naTeHTe CUJA 3236780 
paccMaTpMBaeT ApyroM cnoco6 cy6nMMai4MM 6e3 
3aTpaBKM, b kotopom Mcnonb3yeTCfl o6nML^OBKa 
Kap6MAOM KpeMHMq BHyTpeHHe^ noBepxHocTM 
yrnepoAHoro cocyAa m b kotopom AenaeTcw 
nonbiTKa ycTaHOBMTb paAManbHbiM 

TeMnepaTypHbt^ rpaAMeHT Me>KAy 

o6nML^oBaHHOM KapGMAOM BHyTpeHHefi nacTbK) 
cocyAa m Hapy^KHOM nacrbio cocyAa. 

KHMnnep6epr b naTeHTax CUJA 3615930 m 
3962406 paccMaTpMBaeT MHbie noAXOAbi k 

BbipatHMBaHMJO KapGMAa KpeMHMfl Hy>KHWM 

o6pa30M. B naTeHTe 3615930 paccMaTpMBaeTCfl 
cnoco6 BbipaLAMBaHMA b Kap6MAe KpeMHMfl 
aneKTpoHHO-AbipoMHbix nepexoAOB no Mepe 
pocTa KpMCTanna b npoi4ecce cyenMMai^MM. 
CornacHo naTeHTy, Kap6MA KpeMHMfl HarpeBawT 
b 3aMKHyTOM npocTpaHCTBe b aTMOccpepe 
MHepTHoro ra3a, coAep^au^ero nerMpyraiAMe 
aTOMbi AOHopHoro TMna, nocne nero 
nerMpyfoiuMi^ MaTepMan yAanniOT M3 cocyAa m 
cocyA noBTopHo HarpeBatoT b npMcyTCTBMM 
aKuenTopHOM npMMecM. 3tot cnoco6 
npeAHa3HaneH nnn nonyneHMA 
B3aMMonpMneraiOLUMx ynacTKOB KpMCTanna, 
o6naAaK>mMx npoTMBononoKHOM 
n posoAM MocTb K) m o6pa3yjoi^MX 

aneKTpoHHO-AbipoHHbiM nepexofl. 

B naTeHTe 3962406 KHMnnep6epr 
paccMaTpMBaeT TpexcTyneHnaTbiPi npouecc 
cfcopMMpoBaHMH Kap6MAa KpeMHMfl, cornacHo 

KOTOpOMy CepAeHHMK M3 AHOKCMAa KpeMHMfl 

nonHocTbio norpywafOT b OKpyjKaKDii^yK) ero 
Maccy rpaHynMpoBaHHoro Kap6MAa KpeMHMfl MnM 
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MaTepnanoB, o6pa3yioinnx Kap6nA KpeMHum npa 
HarpeeaHUM. CucTeiviy HarpeBatoT ao 
TeMnepaTypw, npw KOTopofl BOKpyr cepAenHMKa 
H3 AnoKCMAa KpeMHMfl o6pa3yeTC« o6onoHKa H3 
Kap6nAa KpeMHUfl, nocne Hero HarpeBaioT 
AonojiHMTenbHo Ann ucnapeHi/m AHOKCMAa 
KpeMHUA, HaxoAfliMerocn BHyTpM o6o/iomkm hs 
Kap6nAa KpeMHMfl. B saKnioneHHe cucTeiviy 
HarpeBajoT ew,e 6onbwe Ann Toro, HToobi 
cnocoScTBOBaTb AanbHeflweMy pociy KapSMAa 

KpeMHMfl BHyTpM o6onOHKM M3 Kap6HAa KpeMHMfl. 

BoAaAKOCf), naTeHT CUJA 4147572, 
paccMaTpMBaeT reoMeTpunecKM 
opueHTupoBaHHbi^ cnoco6 cy6nnMai4nn, npi/i 

KOTOpOM TBepAbl^ HCXOAHblR MaTepna/1 M3 

Kap6nAa KpeMHun h 3aTpasoHHbie Kpi/icTannbi 
pa3MemeHbi napannenbno n b TecHoi* 6nn3oc™ 
ApyrcApyroM. 

AAAaMnaHO, naTeHT CWA 4556436, 
paccMaTpMBaeT nenHyio cucTeMy Tuna 
npeAnoweHHofl /lenu, npeAHa3HaneHHyto Ann 
(fcopMMposaHHH tohkmx nneHOK Kap6wAa 
KpeMHMfl 6eTa Ha Kap6nAe KpeMHMfl anbc£a, 
KOTopan OT/iMHaeTcn 6bicTpbiM oxneoKflenneM ot 
ypoBHfl TeMnepaTypw cy6jinMau,nn b Anana30He 
ot 2300 °C ao 2700 °C, ao Apyroro ypoBHfl, 
HM>Ke 1800°C. AAAaMnaHo OTMenaeT, hto 
KpynHbix MOHOKpucTannoB Ky6nHecKoro (6eia) 
KapGMAa KpeMHun npocTo He nonynaeTca, m hto 
Poct KapoMAa KpeMHtm Ha flpyrux MaTepuanax, 
TaKi/ix KaK KpeMHM^ hjim anMa3, AOBOnbHO 
3aTpyAHeH. 

Xcmd, naTeHT CUJA 4664944, paccMaTpMBaeT 
cnoco6 ncnonb30BaHnn nceBAooaouKeHHoro 
cnofl Ann QbopMwpoBaHMfl KpucTannoB KapCuAa 
KpewHMfl, HanoMMHajou^M^ cnoco6 xnMnnecKoro 
oca^AeHun us napa npn ncnonb30BaHnn 
peareHTOB, He WBJintoLUMXcn Kap6nAOM KpeMHun, 
ho BKnioHajo^ufi HacTMi^bi Kap6nAa KpeMHun a 
nceBAOowkixceHHOM cnoe, HanoMHHa* tskum 
o6pa30M cnoco6 cyonnMauuH. 

HeKOTopbie M3 6onee BaxHbix paooT b 
o6nacrn cnoco6oB nonyMeHMfl Kap6nAa KpeMHMfl 
onMcaHW, OAHara, b whwx neM naTeHTbi CUJA 
MaTepnanax. TaK, HanpuMep, b repMaHCKOM 
(OPI - ) naTeHTe 3230727, BbiAaHHOM Kopnopau.un 
"CwvieHc", paccMaTpMBaeTCJR cnoco6 
cy6nnMau,nn Kap6nAa KpeMHun, npHneM oco6oe 
BHUMaHne yAenneTcn cBeAeHvuo k MUHHMyMy 
TeMnepaTypHoro rpaAneHTa MewAy 

33T pa BOH H bl M KpMCTajVlOM Kap6k1Aa KpeMHMfl \A 

ncxoAHbiM MaTepnanoM Kap6nAa KpeMHMH. 3tot 
naTeHT npeAycMaTpuBaeT orpaHnneHne 
TeMnepaTypHoro rpaAMeHTa BennHHHotf , He 
npeBbiwaiomefl 20 °C Ha 1 caHTMMeTp 
paccTOAHMfl Me>KAy hcxoahwm MaTepnanoM n 

33Tpa BOH H bl M KpHCTan/lOM B peaKL^MOHHOM 

cocyAe. 3tot naTeHT npeAyciwaTpMBaeT TaiOKe, 
hto o6mee AaBneHne napa b cucTevie 
cy6jiMMaL\nn Aon>KHo yAepxuBaTbc* b npeAenax 
ot 1 ao 5 Mnnnn6ap m npeAnoHTMTenbHO oKono 
1 ,5-2,5 Mminu6ap. 

3tot HeMeL|KM« cnoco6 Mo>KeT, OAHaKO, 
paccMaTpuBaTbcn KaK oamh M3 cnocoGoB 
pac^MHMpoBaHUH, KOTopwe 6biJin rny6oKO 
MsyneHbi b CoBeTCKOM CoK)3e, b ocoGeHHOcru 
fO. M. TanpoBbiM; cm. HanpuMep, General 
Principles of Growing Large-Size Crystals of 
Various Silicon Carbide Polytypes, J 
Crystal Growth, 52 (1981) 46-150, m Progress 
in Controlling the Growth of Polytypik 
Crystals, from Crystal Growth and 
Characterization of Polytype Structures, 
edited by Krishna, Pergamon Press, London! 
1983, p. 111. TanpoB yKasbiBaeT Ha HeAocTaTKM 
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cnocoGa Jlenn, b h3cthoctm Ha BbicoKyio 
TeMnepaTypy, Tpe6yK)inyfocn Ann pocTa 
KpucTanna (2600-2700 °C), m Ha HeAOCTaTOHHbiPl 
KOHTponb 3a nonynaeMbiM nonHTunoM 
KpMCTanna. Ccbinawcb Ha HeKOTOpbix Apyrwx 
MccneAOBaTened, pe3ynbTaTbi KOTopbix 
onucaHbi b naTeHTHo^ nuTepaType, Tanpos 
npeAnaraeT b KanecTBe cnoco6a 
coBepweHCTBOBaHMfl npoi^ecca /lenn 
ncnonb3QBaTb 3aTpaBxy. B nacTHOCTn, TanpoB 
npeAnaraeT KOHTponnpoBaTb nonn™nHbitf pocT 
KpucTanna KapGkiAa KpeMHun nyTeM Bbi6opa 
saTpaBOHHbix KpMCTannoB Hy>KHoro nonnTuna 
unti nyTeM Bbipau^nsaHMn peKOHAeHCMpoBaHHbix 
KpucTannoB Ha rpaHflx Kap6nAa KpeMHun, 
o6pa6oTaHHbix noA ymoM k rpaHM 0001 
wecTirfrpaHHotf peujeTKn. TanpoB npeAnaraeT 
ncnonb30BaTb aKCMa/ibHbie TeMnepaTypHbie 
rpaAneHTbi Ann pocTa e npeAenax ot 
npn6nn3MTeribHO 30 ao 40°C Ha 1 caHTMMeTp. 

B APyrux nccneAOBaHMflx TanpoB M3ynaeT 
annflHue, KOTopoe OKa3biBaeT perynnposaHne 
pa3nnHHbix napaMeTpoB Ha pe3ynbTnpyfoi^nPi 
Poct Kap6MAa KpeMHUP, oTMenan npn otom, hto 
onpeAe/ieHHbie BbieoAbi cAenaTb TpyAHO. 
TanpOB nccneAOBan paConne TeMnepaTypbi n 
npnoien k BWBOAy, hto pa6onne TeMnepaTypw 
pocra MMenn oTHocnTenbHo MGHbUjee 3HaHeHne, 
neM cHMTanw TaKne nccneAOBaTenn Kate 
KHnnneH6epr. AHanornHHbiM oSpasoM TanpoB 
He cMor npufiTH k onpeAeneHHOMy BbiaoAy 

OTHOCMTe/lbHO TeMnOB CjDOpMUpOBaHMfl 

KpucTannoB onpeAeneHHbix nonuiTunoB, 

OTMeTUB TOnbKO, HTO B03paCTaHH6 CKOpOCTM 

pocTa KpMCTanna CTaTHCTMnecKH coBnaAaeT c 
B03pacTaHMeM aojim KpucTannoB c 
pa3ynop«AOHeHHOM crpyKTypoM. TanpoB He CMor 
TaiOKe yCTaHOBMTb 3aBMCMMOCTM Me>KAy 

CTexi/ioMeTpwefi napoBo« c{)a3bi n poctom 
KpucTanna, ho yKa3an Ha to, hto HeKOTopbie 
npuMecH 6yAyT cnocoocTBOBaTb pocTy 
KpucTannoB onpeAeneHHoro nonMTuna KapGnAa 
KpeMHMA. TaK, HanpuMep, BbjeoKoe coAep>KaHne 
asoTa cnoco6cTByeT pocTy KpucTannoB Kap6nAa 
KpeMHMA KySnHecKoro nonnTuna, anioMMHUkt m 
HeKOTopbie Apyrwe MaTepwanw cnoco6cTByK)T 
pocTy LuecTMrpaHHoro 4H nonnTuna, a KMcnopoA 
- nonMTMny 2H. TanpoB npuxoAUT k BbtBOAy, hto 
KaKoe-nn6o noHMMaHne MexaHH3MOB, seAyu^HX k 
nonyneHMK) TaKnx pesynbTaTOB, oTcyTcr b y eT . 

B xoAe cbomx onbiTOB TanpoB nonpoooBan 
TaiOKe McnonbsoBaTb MOHOKpncTannbi Kap6nAa 
KpeMHMfl onpeAeneHHbix nonnTkinoB b KanecTBe 
ncxoAHoro MaTepnana An« nonyneHMfl napa n 
npMiuen k bubo Ay, hto ncnonb30BaHne TaKMx 
MOHOKpucTannoB onpeAeneHHbix nonnTunoB 
Ana nonyneHMfl napa MOKeT npuBecTM k pocTy 
KpucTanna onpeAeneHHbix nonnTunoB. KoHeHHo 
noHATHo, hto xom ncnonb30BaHne 
MOHOKpucTannoB b KanecTBe ncxoAHoro 
MaTepnana MHTepecHo c TeopeTMnecKoii tohkm 
3peHMR, oonaAaioLnefi 6onbujMM npaKTunecKUM 
3HaneHneM i^enbio, oco6eHHO c KOMMepnecKoPI 
tohkh speHMA, HBnaeTCfl nonyneHne 
MOHOKpucTannoB M3 6onee pacnpocTpaHeHHbix 
mctohhukob KapGnAa KpeMHMfl, oTn una hdu^m Pica 
ot MOHOKp ndannoB . 

H, HaKOHei^, TanpoB nprnuen k BbiaoAy, hto 
o6pa6oTKa noBepxHocTn noAno>KKM, Ha KOTopoPi 
Aon>KHo ocymecTanflTbcw Bbipau^nBaHne 
KpucTannoB npH cy6nnMai4nn, MOKeT 0Ka3aTb 
BnnflHue Ha pocT nonyneHHbix KpucTannoB. TeM 
He MeHee LUMpoKn^ pa36poc nonyneHHbix 
AaHHbix npMsen TanpoBa k BbiBOAy o Hannnnn 
AononHMTenbHbix He MAeHTi/iqbuu^poBaHHbix 



CM 
O 

00 

o 
m 



ro 

Ol 
4^ 

<J> 
CO 
00 

o 

ro 



0aKTOpOB, OKa3blBaK)L^HX BJlMRHUe Ha 

Ha6nioAaBUJM^cfl mm pocT KpMcrannoB Kap6nAa 

KpeMHMfl, \A O TOM, MTO 3TM HeM3BeCTHbie 

qbaicropbi He no3Bonnnn eiwy Ao6nTbc« 
c^yHAaMeHTa/ibHoro noHMMaHna MexaHM3Ma 
pocTa KpMCTannoB. 

nosTOMy, HecMOTpn na AaaHo npn3HaHHbie 
xapaKTepi/icTMKM Kap6nAa KpeMHM* m npn3HaHne 
roro cpaKTa, mto Kap6nfl KpeMHus nosBonaeT 
nojiyMMTb BbiAaioinn^cfl, ecnn He CKa3aTb - 
o6naflaiomMfi peBonwmioHHbiMM 
xapaKTepucTHKaMU - nonynpoBOAHUKOBbiM 
MaTepnan h ycrpofiCTBa H3 Hero, m HecMOTpa Ha 
AeTanbHbie MCcneAOBaHMfl, npoBeAeHHbie 
MHoroHncneHHbiMM MccneAOBarenflMM, BicniOMafl 
ynoMHHyi-bix 3Aecb, ao Hacroflmero 
M3o6peTeHM« He cymecTBOBano noAxoAflmero 
cnocooa Ana noBTopHoro m ycTofiHMBoro 

Bbipaii^MBaHHfl KpynHblX MOHOKpMCTannOB 

Tpe6yfOLuero BbiGpaHHoro noriMTuna Kap6nAa 

KpeMHHR 

H3o6peTeHkie npoBOAnnocb c tomkm 3peHMfl 
OTiweHeHHbix Bbiiue oScTOATenbCTB. 3aAana 
AaHHoro M3o6pereHMfl - o6ecneMMTb 
m ohokp m cTajin SiC 6onbLiioro pa3Mepa, b 
kotopom He ocTaBanncb 6bi npniwecu, 
MMKporpy6oMHbie AecfceKTbi n T.n., b kotopom 
3arp«3HeHne h3bhq noAaanaeTCfl ao 

MMHMManbHOrO ypOBHfl M KOTOpblfl MMeeT 

BbicoKoe KaMecTBO h cnoco6 nonyneHMH 
MOHOKpucTanna SiC, KOTopwfi MMeeT 6onbiuofl 
pasMep m BbicoKoe KaMecTBo, n kotopwm 
ynpou^aeT npaKTMMecKoe kicno/ib30BaHne SiC b 
KanecTBe nonynposoAHHKOBoro MaTepwana. 

Rnn Toro HTo6bi BbinonHHTb OTMeneHHyio 
Bbiiue saAa^y, MOHOKpucrann SiC no 
M3o6peTeHnio OT/inqaeTCfl b tom, mto ABa 
KoivinneKca, b iowaom M3 kotopux 
nonnKpucTannnHecKafl nneHKa p-SiC Mnn a -SiC 
BbipaiAMBaeTCfl Ha noBepxHocTH 
MOHOKpncTannnHecKO« a -SiC noAnowKM npn 
nOMOL^H TepMoxuMnnecKoro oca>KAeHMfl, 
noAsepraeTCH TepMoo6pa6oTKe b coctohhmm, b 
kotopom KOMn/ieKCbi CKnaAbiBaiOTCfl 
noBepxHocT^MM nonkiKpMCTannMHecKMx 
n/ieHOK p-SiC mjih a -SiC TaKMM o6pa30M, mto 
Kpucxaji/iMwecKne opneHTaunn 
MOHOKpucTannMHecKHx <x-SiC noAnoweK 
KOMnneKcoB HanpaaneHbi b oahom m tom we 
HanpaB/ieHnn, nocpeACTBOM nero 

nojinKpHCTsmjinHecKne nneHKM KOMnneKcoB 
nepeKpncTanjiM30BbiBaMDTcn aha MHTerpanbHoro 
pocTa MOHOKpucTanna Ha 

MOHOKpucTannnMecKnx a-SiC noAno>KKax 
KOMnneKcoB. 

fln* Toro mtoow AOCTMMb tom we L\enn, 
cnoco6 nonyneHMn MOHOKpMcrannMHecKoro SiC 
no n3o6peTeHwo OTnuHaeTcn b tom, mto ABa 
KOMnneKca nonynaioT cooTBeTCTBeHHO poctom 
nonnKpucTan/iMMecKO^ nneHKM p-SiC nnn a-SiC 
Ha noBepxHocTn MOHOKpMCTannMHecKofi a -SiC 

nOAHO>KKM TepMOXUMMMeCKUM ocaxAeHneM, ABa 

KOMnneKca cKnaAbisaiOT noBepxHocTAMM 
nonnKpucTanriMHecKnx nneHOK p-SiC 
M/iM ot-SiC, Tax mto xpMCTannMHecKMe 
opneHTai4nn MOHOKpucTannMMecKMX a-SiC 
noAno>KeK KOMnneKcoB HanpaBneHbi b oahom 
HanpaaneHkin, m Aaa cno>KeHHbix KOMnneKca 
saTeM TepMoo6paGaTbiBaK)T, nocpeACTBOM nero 
nonnKpucTannnnecKne nneHKM KOMnneKcoB 

nepeKpMCT£LnriM30BblBaK)TCfl c poctom 
MOHOKpucTanna, KOTopbitf o6-beAMH«eTCfl c 
MOHOKpMCTannHHeCKMMM a-SiC noAnowxaMU 
KOMnneKcoB. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



-5- 



CornacHo M3o6peTeHwo, MMeioineMy 
OTMeneHHbie Bbiiue xapaKTepucTHKM, ABa 
KOMnnexca, e xa>KAOM us KOTopbix 
nonnKpncTannnHecKafl nneHKa p-SiC unvi a-SiC 
BbipaiAHBaeTcn Ha noBepxHocTn 
MOHOKpucTannnnecKoW a-SiC noAno>KKn 
TepMoxHMnnecKUM oca^eHneM, CKnaAbiBawTcn 
noBepxHocTflMH nonnKpHCTannnnecKnx nneHOK 
m, saTeM, coBMecTHO TepMoo6pa6aTbiBaK)TCfl, 
nocpeACTBOM nero Ka>KAa« M3 
nonnKpucTannnnecKnx nneHOK KOMnneKcoB 
nepeKpncTannn30BbiBaeTCfl TaK, mto MoxeT 
6biTb Bbipau^eH MOHOKpucTann, KOTopbix 
oe^eAUHneTCfl c Ka>KAO« us 
MOHOKpucTannnMecKnx a -SiC noAno>KeK 
KOMnneKcoB m KOTopbirt MMeeT 6onbiuo^ paaMep 

M, B OC06eHHOCTM, TOnLAMHy. 

Bonee Toro, TepMoo6pa6oTKa npoeoAHTCfl b 
cocTOflHMM, npM kotopom ABa KOMnneKca 

CKnaAblBafOTCH nOBepXHOCTflMM 

n on m KpM cTann m m ecKMx nneHOK KOMnneKcoB, m, b 
oco6eHHOCTM, b cocTOflHMM, KorAa nOBepXHOCTM 
nonMKpMCTannMMecKMX nneHOK maAKO 
OTiunMcfeoBaHbi m rnaAKMe noBepxHOCTM nnoTHo 
CKpenneHbi Apyr c ApyroM. 3to noAaanaeT 
3arpfl3HeHMe, KOTOpoe Bbi3bisaeTcn 
npMnMnaHMeM B3BeiueHHbix BeiAecTB m t. n. 
b6tim3m noBepxHOCTM nonMKpMCTannMMecKMX 
nneHOK, ao MMHMManbHoro yposH«. Bonee Toro, 
Aaxe ecnM oKpy^atoiAafl aTMOcc{)epa 
M3MeHfleTcn b TeneHMe TepMOo6pa6oTKM, 
yAMBMTenbHO, ho M3MeHeHMe OKpywatoajefi 
aTMOc0epbi, Bbi3biBaK)iAee pasnoxeHMe MacTM 
noBepxHOCTM nonMKpMCTannMMecKMX nneHOK, 
MCMe3aeT, MnM oca>KAeHMe KpMCTannoB b 
OKpecTHOCTM m npMnMnaHMe mx k nose px h octa m 
nonMKpMCTannMMecKMX nneHOK MOMer 6biTb 
noHM>KeHO ao MMHMManbHoro ypoBHfl. TaKMM 
o6pa30M, npaKTMMecKM He ocTaeTcn npMMecePI, 
m m KpoT py 6om h bix AecfceKTOB m T.n. Bonee Toro, 

3arp«3HeHMe M3BHe M BnMflHMe M3MeHeHMfl 

oKpyacafomefi aTMOccf)epbi b TeMeHMe 

TepM006pa60TKM MOKeT 6blTb nOHM>KeHO ao 
MMHMManbHOrO ypOBHfl, TaK MTO C BblCOKOPI 

npoAyKTMBHocTbio nonyMaeTcn MOHOKpMCTann 
SiC KpynHoro pasMepa, KOTopw« cTa6MnbHo 
MMeeT BbicoKoe KaMecTBo. TaKMM o6pa30M, 
mo>kho AOCTMMb pe3ynbTaTa, o6nerMaK)i4ero 
npaKTMHecKoe ncnonb30BaHne 
MOHOKpMCTann MMecKoro SiC, KOTopbifl o6naAaeT 
npeBocxoAHbiMM xapaiaepMCTMKaMM: 6onbiuoPi 

eMKOCTbK), BblCOKOi^ MaCTOTOt^, BblCOKO^ 
npOMHOCTbK) AH3/ieKTpMKa M BblCOKOPl 

ycTo^MMBocTbio k OKpyxafoujiefl cpeAe, no 
cpaBHeHMK) c cyujecT By FOLIUM MM 

nonynpoBOAHMKOBbiMM MaTepManaMM, T3kmmm 
KaK Si (KpeMHM^) m GaAs (apceHMA rannMn), m 
KOTopbi^ paccMaTpMBaeTcn, KaK 
nonynpoBOAHMKOBbi* MaTepMan aha CMnoBbix 
npM6opoB. 

flpyrMe i^enM m pesynbTaTbi M3o6peTeHMfl 

6yAyT nonCHeHbl B KOHCTpyKTMBHblX 

McnonHeHM«x M3o6peTeHMfl, KOTopbie 6yAyT 
onMcaHbi HM>Ke, co ccbinKaMM Ha npMnoxeHHbie 
nepTe>Kn, Ha KOTopbix: 

<pw. 1 - cxeMaTMMecKoe M3o6pa>KeHMe, 
noKa3biBajou^ee cocTo«HMe, KorAa nepBan 
cTaAM« (cTaAMfl pocTa nneHKM 
TepMoxMMMMecKMM oca>KAeHMeM) cnoco6a 
nonyMeHMq MOHOKpMCTanna SiC cornacHo 
M3o6peTeHMK5 3aBepujeHa; 

cjwr. 2 - cxeMaTMMecKoe M3o6paxeHMe, 
noKa3biBaioLnee cocTOAHMe, KorAa BTopan 

CTaAMfl (CTaAMfl UJnMCpOBKM nOBepXHOCTM 

BbipaiAeHHOM nneHKM) cnocooa nonyneHMfl 
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3aBepujeHa; 

cfewv 3 - cxeMaTMMecKoe M3o6paxeHne, 
noKa3biBa*omee cocTOAHne nepeA TpeTbefl 
cTaAaefi (cTaAne« TepMoo6pa6oTKn) cnoco6a 
nonyneHH*; n 

cfcur. 4 - cxeiviaTHMecKoe M3o6pa>KeHne, 
noKa3biBaK)ii^ee cocroflHue, Kor^a TpeTbH 
CTaAMfl (CTaflHH TepoMOo6pa6oTKM) cnocoGa 
nonyneHua aaBepiueHa. 

B AanbHefiiueM, KOHCTpyKTMBHbie 
Mcno/iHeHHfl u3o6peTeHM* 6yAyT onwcaHbi co 
ccw/iKaMM Ha nepTeww. 

<Pnr. c 1 no 4 flBnaiOTCfl cxeMarnnecKHMn 
nsoepa^eHMflMn, MJinfocTpupyKDiUMMn cnoco6 
nonyneHHH MOHOKpncTanna SiC no 
n3o6peTeHwo b nopjiAKe cneAOBaHun cTaanfl 
nonyneHkm. Ha qbw-. 1 no3Ki4UH 1 o6o3HanaeT 
MOHOKpucTanni/iHecKyio reKcaroHanbHy»o a -SiC 
noAno>KKy (Tuna 6H \asua Tuna 4H). 
MoHOKpucTa/innMecKyio a-SiC noAnowKy 1 
nonynafOT cnoco6oM cyonkiMaLjHH m 
nepeKpncTannn3aunn mjim cnoco6oM AHMCOHa. 
nonnKpucTan/iMMecKafl Ky6wHecKafl p-SiC 
n/ieHKa 2 Bbipau^MBaeTCfl TepMoxkiMHHecKMM 
oca*AeHueM b flnana30He ot 1300 ao 1900°C, 
TaK MTo6bi o6pa30BaTb OKOHeHHyK) MacTb 2o no 
scefl nepucpepnn ookoboA noBepxHocTM 
MOHOKpncTannnHecKotf a-SiC noAno>KKM 1 . 

Cpa3y nocne pocTa nneHKM, KaK noKa3aHo Ha 
0nr. 1 , noBepxHOcrb 2a 

no/inKpucTa/innMecKO^ p-SiC nneHKi/i 2 
HaxoflHTcn b coctoahmm LuepoxosaTotf 

nOBepXHOCTM C pa36pOCaHHblMM He60JlbLUMMH 

HepOBHOCTflMM. rioBepxHocTb 2a 
nonnKpucTan/iMMecKO^ p-SiC nneHKH 2 b 

COCTOflHMH LUepOXOBaTOfl nOBepXHOCTH 

wnnqbyeTca, TaK htoGw maAKocTb HMena 
noBepxHocTHyio ujepoxoBaTOCTb co 

cpeAHeKBaApaTHMecKMM otktiohshugm (RMS) 
200 aHrcTpeM h/ih MeHbiue, npeAnoHTMTenbHo 
co cpeAHeKBaApaTMMecKMM OTKnoHeHneM ot 100 
AO 50 o t nocpeACTBOM Mero nonynaeTca 

KOMnneKC M. KaK noKa3aHo Ha o>nr. 2, KOMnneKc 
M MMeeT nonnKpucTannnMecKyio p-SiC nneHKy 
2, KOTopa* MMeeT OHHmeHHyK) OTiunHtfeoBaHHyio 
noBepxHocTb 2a* 6e3 HepoBHOcTefi m c 
TonmwHofi t, KOTopan oAHopoAHa no BceFi 
n/iomaAn. 

flanee, KaK noKa3aHo Ha cfn/tr. 3, ABa tskmm 
o6pa30M CKOHcpurypupoBaHHbix KOMnneKca M 
nnoTHO CKpenrmioTCH oahh c ApyruM rnaAKHMH 

OMMLHeHHblMM OTLUJ~IH0OBaHHblMH 

noBepxHOCTpMM 2a' 
nonnKpucTan/iMMecKnx p-SiC nneHOK 2, TaK 
hto KpHCTannnnecKMe opueHTaqnn 

MOHOKpucTanriMHecKnx a-SiC noAnoaceK 1 
KOMnneKcoB M HanpaaneHbi b oahom 
HanpasneHMM. 

nocne 3Toro, npoBOAMTca TepMoo6pa6oTKa, 
b xoAe KOTopofi Asa o6"beAHHeHHbix KOMnneKca 
M, KOTopbie 6binn nnoTHO CKpennenbi oamh c 
APyrtiM, KaK onucaHo Bbiwe, BbiAepwuBaKOTca b 
TeneHne HecKonbKux nacoB b aTMoccfeepe c 
AaBneHneM HacbimeHHbix napoB SiC m npu 
TeiwnepaType 2000°C nnn Bbiwe, 
npeAnoHTMTenbHo b AnanasoHe ot 2200 ao 

2400 oq B coOTBeTCTBUM C KpHCTa/lJIUHeCKUM 
POCTOM MOHOKpHCTajlJlMMeCKOM a -SiC noAnowKki 

1 KOMnneKca M, Ka^qa« M3 
n on m Kp McTan ji m m ecKMx KyGkmecKnx 
nneHOK p-SiC 2 nepeKpucTannnsoBbiBaeTCfl TaK, 
HTo6bi, KaK noKasaHo Ha 4)Mr. 4, 
nonnKpucTannnnecKne p-SiC nneHKn 2 
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ccf)opMMpoBanncb b MOHOKpucTannnMecKne 

HaCTH 2', KOTOpbie OpMeHTMpOBaHbl B TOM >K6 

HanpaBneHHn, KaK m KpucTannnnecKne 
opMeHTaqnn MOHOKpucTannnnecKnx a-SiC 
noAno>KeK 1. MoHOKpucTannnMecKHe nacTH 2' 
o6^eAHHAK)Tcn c MOHOKpucTannaMn V 
noAnoxeK 1, hto b pe3ynbTaTe npuBOAMT k 
TOMy, hto BbipamnBaeTca KpynHbii^ nnn nMeHHo 
ToncTbiW MOHOKpMCTann 5. nocne 
TepMoo6pa6oTKM, KaK bmaho H3 cfiMr. 4, 
noBepxHocTb pa3Aena, KOTopaa HecoMHeHHo 
cyu^ecTByeT Me>KAy OTUjnncJ)OBaHHbiMH 
noBepxHocTAMM 2a' 
nonnKpucTannnnecKHX p-SiC nneHOK 2 nepeA 
TepMoo6pa6oTKo«, cnnasnneTcw h 
MHTerpMpyeTCfl ao MCHe3HOBeHMfl. 

KaK onucaHo Bbiiue, ABa KOMnneKca M, b 

Ka>KAOM M3 KOTOpblX noBepxHocTb 2a 
nonnKpncTannnHecKoft p-SiC Ky6nMecKoPi 
nneHKM 2, KOTopaa BbipaiAeHa Ha 
m o ho KpM CTann MMecKo ^ a-SiC noAno>KKe 1 

TepMOXMMMHeCKMM OC3W<AeHMeM, 3epKanbHo 

nonnpyeTcw TaK, HTo6bi rnaAKocTb HMena 
ajepoxoBaTocTb noBepxHOCTM co 

cpeAHeKBaApaTunecKUM OTKnoHeHneM 



200 



nnn MeHee, npeAnoHTMTenbHo co 



cpeAHeKBaApaTunecKUM OTKnoHeHneM ot 100 ao 
50 « , TepMoo6pa6aTbiBaiOTcn, b to BpeMj? KaK 

KpucTannnHecKne opueHTai^MM 
MOHOKpucTannnsecKnx a-SiC noAno>KeK 1 
KOMnneKcoB HanpaBneHw b oahom 
HanpaBneHuii, n rnaAKo oTLunncfoBaHHbie 
noBepxHocTn 2a' KpenKO CKpenneHbi OAHa c 
Apyro«. nosTOMy, 3arp«3HeHne, KOTopoe 
Bbi3biBaeTCfl npunnnaHneM B3BeiueHHbix 
coeAHHeHMM m TOMy noAo6Horo b oKpecTHocTM 
noBepxHOCTefl 2a' nonMKpMCTannMHecKnx p-SiC 
nneHOK 2, MOxeT 6biTb noHH)KeHO ao 
MMHMManbHoro ypoBHH. flswce KorAa nponcxoAHT 
M3MeHeHne OKpyxaKDLnefl aTMOcqtiepbi, 
HanpHMep, M3MeHeHne AasneHM« HacbimeHHoro 
napa SiC b Tenenne TepMoo6pa6oTKH, KpoMe 
Toro, TaioKe yAHBHTenbHO, hto nsMeHeHne 
oKpy>KaK)me« aTMOcqbepbi, BW3biBaK)iAee 
pa3no>KeHMe nacTM noBepxHOCTM 2a' 
nonnKpucTannHHecKMX nneHOK p-SiC 2 
MCHe3aeT, nnn oca>KAeHiie KpucrannoB B6nn3M m 
npMnnnaHMe k noBepxHOCTM 2a' 
nonMKpMCTannnHecKnx p-SIC nneHOK 2, MO>KeT 
6biTb noHn>KeHo ao MMHUManbHoro ypoBHn. 
TaKUM o6pa30M, npeAOTspamajoTCfl 
B03HHKHOBeHne ocTaTOHHbix npnMece«, 
MHKpOTpy60HHbtX AecpeKTOB M t. n. 
3arpfl3HeHnn M3BHe m o6pa30BaHMfl 
Me>K3epeHHbix rpaHMU na noBepxHOCTM pa3Aena 
KOMnneKcoB M. B pe3ynbTaTe, c BbicoKoPi 
npoAyKTMBHocTbKO nonynatoT 
MOHOKpMCTannnHecKMM SiC KpynHoro pa3Mepa, 

KOTOpblft CTa6nnbHO MMeeT BblCOKOe KaMeCTBO. 

B KOHCTpyKTMBHOM McnonneHMM, onucaHHOM 
Bbiiue, b KanecTBe nonnKpncTannnHecKMX 
nneHOK ncnonb3yfOTCfl 
nonnKpucTannnnecKne p-SiC nneHKH 2. 
AnbTepHaTHBHo, KOMnneKCbi, b k3)kaom M3 
kotopwx nonHKpucTannnnecKafl reKcaroHanbHas 
(6H) a-SiC noAno>KKa c bwcokum coAepxaHneM 
npuMece^ (10 14 aTOMOB/cM 3 nnn MeHee) 
Bbipa^MBaeTCfl Ha noBepxHOCTM 
m o ho Kp m CTann mh ecKO a-SiC noAno>KKu 1, ' 
MoryT 6biTb TepMoo6pa6oTaHbi. B KanecTBe 
anbTepHaTUBbi, mo>kho nonyniiTb MOHOKpMCTann 
SiC KpynHoro pasMepa c ■ BbicoKofl 
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npoflyKTMBHocTbfo, no cpaBHeHnio c onucaHHbiM 
Bbiwe cnyqaeM, rAe 6binn Mcnonb30BaHbi 
nonnKpucTaji/iMMecKne nneHKM p-SiC 2. 

<DopMyna H3o6peTeHMfl: 

1 MoHOKpucTannnMecKM^ SiC, coAepwauuMtt 
ABa KOMnneKca, b io>kaom ms KOTOpbix 
nonnKpucTanriMHecKafl nneHKa p-SiC unw a-SiC 
Bbipaii^MBaeTc« Ha noBepxHocTM 
MOHOKpucTannnHecKoK a-SiC noAno>KKM npn 
noMou^n TepMoxuMMMecKoro oca>KAeHHfl ( 
noABepraeTc« TepMOo6pa6oTKe b coctohhmm, b 
kotopom KOMnneKCbi cicnaAbiBajoTCfl 
noBepxHOCTAMH no/iHKpucTannnHecKnx nneHOK 

T3KMM 06pa30M, HTO KpHCTa/lflMMGCKHG 

opueHTai^nn MOHOKpucTannnHecKktx a -SiC 
noAno>KeK KOMnneKcoB HanpaBneHbi b oahom m 
tom we HanpaBJieHMM, nocpeACTBOM nero 
no/iMKpucTanjiMMecKne nneHKM ko m nn 6 kcob 
nepeKpMCTan/iM30BbJBa»0TCfl aha MHTerpanbHoro 
pocTa MOHOKpucTanna Ha 

MOHOKpncranriMMecKMX a -SiC noAnoxaox 
KOMnneKcoB. 

2. MoHOKpucTannnMecKM^ SiC, b kotopom 
noBepxHocTM no/inKpHcrannnHecKnx nneHOK 
AByx KOMnneKcoB oTwnMcfcoBaHbi ao 
LUepOXOBaTOCTM CO cpeAHeKBaApaTMHHbiM 
OTKTIOHGHH8M 200 » M/in MeHee M ABa 

KOMnnexca TepMoo6pa6aTbiBa»OTCfl b 
cocTOflHHM, b kotopom rnaAKMe nOBepXHOCTM 
TecHO cKpenneHbi oAHa CAPyroM. 

3. MoHOKpucTannnMecKufl SiC, b kotopom 
noBepxHocTn nonnKpucTannMHecKMx nneHOK 
AByx KOMn/iexcoB OTuinMqboBaHbi ao 

LUepOXOBaTOCTM CO CpeAHeKBaApaTHMHbIM 

OTKnoHeHneM ot 100 ao 50 o nj!^ MeHee, n ABa 

KOMnneKca TepMOoopaoaTbiBaiOTCfl b 
coctohhmm, b kotopom rnaAKMe nOBepXHOCTM 
TecHo CKpenneHbi OAHa c Apyrofi. 

4. Cnoco6 nonyneHMfl 
MOHOKpucTannn^ecKoro SiC, 3aKHKDMaioii4M«cfl b 
tom, hto ABa KOMnneKca nonynaioT 
cooTBeTCTBeHHo poctom nonMKpMCTannMHecKofl 
nneHKM p-SiC linn a -SiC Ha noBe px h oct m 
MOHoxpucTannnMecKo^ a-SiC noAnowKM 
TepMOXMMMHecKkiM oca>KAeHMeM , Asa KOMnneKca 
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CKnaAbi Ba k>t noBepxHocTfl m h 

nonnKpucTannMHecKMX nneHOK TaK, hto 
KpMCTannMHecKne opueHTai^MM 
MOHOKpucTannnnecKHX a-SiC noAnoweK 
KOMnneKcoB HanpaBneHbi b oahom 
HanpaBneHHM, m ABa cnoxeHHbix KOMnneKca 
3aTeM TepMoo6pa6aTbiBa»OT, nocpeACTBOM Mero 
nonHKpucTannnnecKne nneHKM KOMnneKcoB 
nepeKpncTannn30BbiBaK)T Ann pocTa 
MOHOKpucTanna, KOTopbiM 06-beAMHfleTCfl c 
MOHOKpucTannnnecKHM a-SiC noAno>KKaMM 
KOMnneKcoB. 

5. Cnoco6 no n.4, 3aKn»OHaK)inMtfcfl b tom, 
hto noBepxHocTM nonnKpMCTannnHecKMx nneHOK 
AByx KOMnneKcoB ojnno>yiOT ao noBepxHocTHofi 
HiepOXOBaTOCTH CO cpeAHeKBaApaTMHHbiM 
OTKnoHeHneM 200 « MJ1M MeH ee m ABa 

KOMnneKca TepMoo6pa6aTbiBaK)T b coctohhmm, a 
kotopom rnaAKne noBepxHocTM TecHo 
CKpenneHbi OAHa c Apyrofi. 

6. Cnoco6 no n.5, 3aKn»oHaiomMflcfl b tom, 
hto noBepxHOCTn nonnKpucTannnnecKHX nneHOK 
AByx KOMnneKcoB wnMqbytoT ao noBepxHocTHofl 

LUepOXOBaTOCTM CO CpeAHeKBaApaTMHHbiM 

OTicnoHeHMeM ot 100 ao 50 © Mnn MeHee m ABa 

A 

KOMnneKca TepMoo6pa6aTbiBaiOT b coctoahmm, b 
kotopom rnaAKMe noBepxHocTM TecHo 
CKpenneHbi OAHa c APyrofl. 

7. Cnoco6 no n. 4, 3a»cnioHaioinMflcH b tom, 
hto TepMoo6pa6oTKy KOMnneKcoB npoBOABT npM 
TeMnepaType 2000°C MnM Bbiuie m b aTMOccpepe 
c ABBneHMeM Hacbiu^eHHbix MnM 6nM3KMx k 
HacbiiAeHHbiM napoB SiC. 

8. Cnoco6 no n. 5, saKnionaioiUMMCfl b tom, 
hto TepMoo6pa6oTKy KOMnneKcoB npoBOAflT npM 
TeMnepaType 2000°C MnM Bbiiue m b aTMocqtepe 
c AaaneHMeM HacbimeHHbix MnM 6nM3KMX k 
HacbimeHHbiM napoB SiC. 

9. CnocoC no n. 6, 3aicnioHaK)ii^MMCfl b tom, 
hto TepMoo6pa6oTKy KOMnneKcoB npoBOAflT npM 
TeMnepaType 2000°C MnM Bbiiue m b aTMoccfepe 
c AaaneHMeM HacbiujeHHbix MnM 6tim3kmx k 
Hacbiu^eHHbiM napoB SiC. 

10. Cnoco6 no n.4, 3aKnK)Haiou4Mficfl b tom, 
hto TeMnepaTypy TepMoo6pa6oTKM KOMnneKcoB 
ycraHaBnuBaiOT b Anana30He 2200 - 2400 °C. 
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